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Abstract 

Background: Recent literature showed that analysis of interruptions can contribute to 

evaluating the care process in the operating room and thus understanding potential errors 

which may occur during surgical procedures. The aim of this comprehensive review was to 

summarize current knowledge on the description and impact of interruptions in surgery. 

Material and methods: A literature search was conducted according to a set of criteria in the 

databases MEDLINE, BASE, Cochrane's Library and PsycINFO. 

Results: 41 articles were included. 2 main methodological approaches were found, 

observational in the OR, or controlled in an experimental simulated environment. 

Interruptions in the OR were manifold and several classifications were used. The severity of 

interruptions differed according to the category of the interruptions. Interruptions were 

influenced by team familiarity and the expertise of the surgical team; high team familiarity 

and a high level of expertise decreased the frequency of interruptions. However, our literature 

search lacked controlled studies carried out in the OR. Interruptions seemed to increase the 

workload and stress of the surgical team and impair non-technical skills, but no clear evidence 

of this was advanced. 

Conclusions: Interruptions are probably risk factors for errors in the operating room. 

However, there is as yet no clear evidence of the association of interruption frequency with 

errors in the operating room. There is a need to define and target interruptions which should 

be reduced, by putting safeguards in place, thereby allowing those which could be beneficial 

and neglecting those with no potential consequences. 

 

Keywords: surgery ; interruptions ; disruptions ; safety 
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Introduction 

In 1999, the United States Institute of Medicine published a report distinguishing 

medical errors as the 8th leading cause of death in that country (98,000 deaths a year).1 

Surgical disciplines are largely concerned by these errors and up to 66% of medical adverse 

effects, defined as the occurrence of an undesired effect after treatment, are related to a 

surgical procedure.2,3 Because of the increased risk of morbidity and mortality during a 

surgical procedure, investigations into quality and safety issues in the operating room (OR) 

were conducted. The OR is a complex work environment, this research therefore involved 

multidisciplinary teams including human factor,4 psychologist,5 management,6 and 

ergonomic7 researchers. 

There exist effective tools to assess quality and safety in the OR: adverse event 

measurement allows identification of potential errors in the surgical process,3 workload and 

stress assessment by validated scales points out their negative impact on surgical 

performance.8,9,10 It is now accepted that errors resulting from adverse events are mainly 

secondary to a lack of non-technical skills (NTS).4 NTS are divided into cognitive (situation 

awareness, mental readiness, assessing risks…)  and interpersonal (communication, 

leadership, teamwork, planning…) skills.11 

Interruptions are defined as incidents or occurrences preventing the worker from 

progressing in his primary task.6 They constitute a well-studied phenomenon in occupational 

psychology and management, and their analysis is essential to evaluate the care process in the 

OR and to understand errors arising during surgical procedures. In the particular context of 

surgery, an interruption can be defined as a deviation in the normal course of the surgical 

procedure or surgical workflow. Interruptions at the work place can be differentiated into 

several types: intrusions, breaks, distractions, discrepancies.6 They may have both positive 

and negative consequences but they are mainly described as harmful in the literature. They 

3 
 

Acc
ep

ted
 M

an
us

cri
pt



 

impair quality of work and well-being and increase workload and time of completion,12-15 

particularly if the work task is complex.16-19 However, the negative impact of interruptions is 

not obvious for repetitive tasks: they accelerate the achievement of the main task without 

damaging the quality of work.7,13 The impact of interruptions also depends on the worker's 

expertise: interruptions cause a poorer quality of work and an increased completion time for a 

novice when compared to an expert.6,19 

Interruptions in surgical procedures have been examined in numerous studies, both in 

the OR and in simulated environments. Information acquired from these studies needs to be 

analyzed and summarized, since their methodologies and results were heterogeneous. A 

systematic review was published in 2016, but this study focused solely on distractions: these 

only represent a portion of the interruptions, which is why this literature review included only 

17 studies.20 No other review on the description and impact of interruptions on surgical 

procedure has been published. 

Through this comprehensive review, we aimed to summarize current knowledge on the 

description and impact of interruptions on surgical procedures. We first described 

interruptions particularities in surgery and then focused our description on their consequences. 

Particular emphasis has been placed on trying to understand how interruptions can impair 

NTS and potentially threaten safety in the OR. 

 

Material and methods 

We conducted a comprehensive review of the literature. Two investigators (first and 

second authors) independently carried out literature searches in the databases MEDLINE, 

BASE, Cochrane's Library, PsycINFO in December 2018, without restriction of date of 

publication. The following keywords were searched: “surg*” or “operating room*” or 
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“operating theatre*” or “task” or “work” and “interrupt*” or “distract*” or “disrupt*”. Articles 

whose titles and abstracts were related to interruptions in surgery were reviewed. Inclusion 

criteria were: studies published in English, retrospective and prospective studies, reviews, 

studies carried out in the OR or in a simulated environment, studies whose main or secondary 

outcomes were descriptions and evaluation of the impact of interruptions on the surgical 

procedure or the surgical team. Exclusion criteria were: studies focusing on interruptions of 

the anaesthetic team. After reading eligible articles, we checked the references of those 

selected in order to enlarge our research to other relevant articles. Each article fulfilling the 

inclusion criteria was included in our review, the validity of the studies was assessed by the 

two investigators and consensus between them was used to resolve any disagreement. 

Quality assessment of studies was evaluated using the NIH Quality Assessment Tool for 

Observational Cohort and Cross-Sectional Studies.21 Quality assessment was carried out by 

both first and second authors. This tool permitted the evaluation of key method points for the 

studies included, in particular the definition of the research question and the population 

studied, the justification of the sample size, the inclusion/exclusion criteria. 

Results 

The flow diagram of our literature search is displayed in Figure A. Our review included 

41 studies dealing with interruptions and surgery. 

Studies’ methodology 

Two main methodological approaches have been reported: 

•An observational approach in a natural environment for 15 studies.22-36 The goals were to 

quantify and characterize interruptions according to their type and impact on the 

surgical team. Some studies evaluated correlations between interruptions and NTS 

performance, workload or stress.30,31 
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•An experimental approach in a simulated environment for 15 studies.37-51 Comparisons 

were made between an experimental and a control group during surgical simulation 

were performed. For example, two groups carried out the same task, during which one 

of the two was interrupted (by a distraction or a secondary task). Judgment criteria 

varied: frequency of errors, time of realization, evaluation of workload, learning of 

technical gesture. 

 

Other studies using different methodological approaches were published: 

•Development and validation of interruption measurement tools useful for research were 

reported in 7 studies.52-58 These studies used interruption classifications, or 

interruption severity scores. One study developed a score which calculated the impact 

of interruptions reported by surgical staff after surgery.53 

•2 retrospective observational studies were performed: they described interruptions 

reported by medical and paramedical staff.59,60 

•One interventional study tested a measure of interruption reduction in the OR.61 Five 

phases of risk were defined during a surgical procedure (anesthesia induction, surgical 

briefing, specimen collection, final surgical counts and debriefing, anesthesia 

emergence). The staff was educated to reduce interruptions during these 5 phases. 

Results showed a significant decrease in recorded noise level during these 5 phases 

after staff education. 

•A systematic review of the impact of interruptions on surgical performance was 

published in 2016 including 17 articles. This study did not deal with the impact of 

interruptions on NTS.20 

 

Categories of interruptions 
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Table A summarized all the studies carried out in the OR whose primary or secondary 

objective was description of interruptions. Quality assessment of studies is reported. 

Numbers of interruptions per hour varied from one study to another and ranged from 

2.4/h to 114/h. However, classification of interruptions differed between studies. This 

rendered impossible the comparison of studies in terms of numbers of interruptions and 

categories observed. For example, some studies focused only on interruptions related to 

communication issues.23,25 

The most common categories of interruptions were: communication 

issues,22,27,30,31,33,34,36,57 telephone/beeper,26,30,55-57 entrances and exits,26,29,30,33,34 intrusions by 

outside personnel,24,31 equipment issues,27,32,52 work environment issues,52,57 movements 

around the monitors,52,56 procedural issues,33,52 distractions,36,54 teamwork issues,24 and 

supervision/training.49 

 

Severity of interruptions 

Severity or interference of interruptions was also studied. This was defined as the effect 

of interruptions on the surgical workflow, classified by the observer. Several scales were used 

to measure the interference or severity of interruptions: these are reported in Table A. The 

scales were established on the same principle in the majority of studies. Interference ranked 

from absence of impact on the workflow up to the complete cessation of the surgical 

procedure (an example of classification is shown in Table B).25-27,29-31,33-35,52,55-57 Other studies 

used different methods to assess the interference of interruptions. Lingard et al. classified the 

observed effects of communication failures (detailed in Table A).23 Zheng et al. and Henaux et 

al. demonstrated a considerable increase in surgical procedure duration caused by 

interruptions.22,36 
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Interruptions with the highest rates on scales of severity were: malfunction/shortage of 

equipment issues,26,29-31,33,52,55-57 procedural issues (i.e. intrinsic to the surgical procedure),29-

31,52,56,57 work environment issues,26,52,56 communication issues, 27,29,31,57 distractions57 and 

changes of instruments.22,33 The most severe interruptions were not the most frequent. 

 

Timing of interruptions during the surgical procedure 

Three studies presented data on the onset of interruptions during the intraoperative 

phase (from incision to closure). Their results were concordant as the majority of interruptions 

were observed   at the beginning of the procedure. Antoniadis et al. showed that interruptions 

were significantly more frequent in the first quarter of the surgical procedure.26 Morgan et al. 

reported that their number was constant during the first 3 quarters and then decreased.54 

Yoong et al. found that 90% of interruptions occurred during the first 30 minutes.35 

Data concerning the precise phase of the surgical procedure were not specified. 

 

Protagonists of interruptions  

Seven studies performed in the OR described the groups of protagonists as the source or 

the target of interruptions. The OR staff was divided into 3 groups: “anesthesia” 

(anesthesiologist, nurse anesthetists), “surgical” (surgeon, assistant), “nurse” (scrub and 

circulating nurse).25-29,31,36,56 These studies led to the following conclusions: 

•All groups could be a source or a target of interruptions 

•Proportions of different categories of interruptions depended on the source and the target 

•The degree of interference for the same category of interruption was not identical from 

one group to another 

•The surgical group was the most often targeted by interruptions. 
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Factors related to interruptions 

The occurrence of interruptions was mainly dependent on the following factors: 

•Team familiarity, referring to a group of people used to working together, sharing a 

similar mental model. “Mental models can be defined as knowledge structures which 

allow individuals to describe, explain and predict events in their environment”.62 

Sharing mental models allows a team to work efficiently and to adapt quickly to a 

situation.62 It has been demonstrated that a high level of familiarity decreases the 

number of interruptions,28,36,49 improves the performance of the surgical team by 

decreasing the duration of the surgical procedure63 and postoperative complications,64 

and by promoting teamwork and communication.65 

•Technology. Interruptions related to equipment problems represented the highest risk of 

significant impact on the surgical procedure. 26,29-31,33,52,55-57 Thus, a surgical procedure 

requiring many technological tools would be more likely to be exposed to 

interruptions responsible for serious interference. 

•Expertise. This aspect was studied in experimental simulation studies comparing experts 

and novices during the performance of an interrupted task. These studies showed that 

experts were superior to novices in terms of accuracy in performing the secondary 

task39,41,46 and in speed of execution.46 One observational study carried out in the OR 

concluded that expertise of the dyad surgeon/scrub nurse decreased the length of 

interruptions.36 

Impact of interruptions 

Interruptions altered quality and safety in the OR. Wiegmann et al.24 showed a 

correlation between interruptions and errors during 31 cardiothoracic surgeries.  Several 

studies contribute to explaining this correlation. Wheelock et al. showed that interruptions 

were correlated with higher stress of the surgical team in 90 general surgeries.31 Weber et al. 
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reported that interruptions were associated with higher workload and stress in 40 robotic-

assisted prostatectomies and Weigl et al. reported a correlation between interruptions and a 

higher workload in 56 general and orthopedic surgeries.30,33 Sevdalis et al. showed that 

intraoperative distracting communications were associated with deterioration of the use of a 

safety checklist in 19 urological surgeries.27 Healey et al. showed a relationship between 

better teamwork (measured by the Observational Teamwork Assessment for Surgery (OTAS)) 

and lower intraoperative interference of interruptions.52 

On the contrary, Allers et al. did not find a correlation between interruptions and 

workload,32 Yoong et al. reported the absence of correlation between interruptions and 

surgical complications.35 

Several experimental studies in simulated environments were conducted.37-47 These 

studies showed that both rate of errors and time of completion increased when the surgeons 

were interrupted during the main task accomplishment and the secondary task. Performance 

deterioration was greater for novices than for experienced surgeons. One study demonstrated 

a positive aspect of coping with interruptions during learning.37 It compared the performance 

of two groups of novices after learning a surgical procedure on a simulator in the presence or 

absence of interruptions (noise and visual distraction). This study showed that the group 

trained in the interrupted condition was more efficient than the group trained without 

interruption when they were compared in real conditions. 

Discussion 

Observation and impact of interruptions 

There were two main methodological approaches identified in this review. The first one 

was observational in a natural environment. This approach showed that interruptions were 

commonly observed in the OR and in various specialties, the frequency of interruptions 

ranged from 2.4/h to 114/h. The classification of interruptions and their severity differed from 
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one study to another as mentioned in the results section. This heterogeneity made it difficult to 

compare studies. However, similar categories of interruptions were most frequently observed, 

the results being comparable from one study to another. These observational studies made it 

possible to define an image of the most frequent interruptions (such as communication issues 

or distractions) and of the most severe (such as equipment or procedural issues). Several 

studies carried out in a natural environment evaluated the impact of interruptions on the 

quality and safety of surgical procedures. Some studies showed that interruptions increased 

the workload,30,33 stress31 or risk of errors.24 However, other studies found no correlation 

between interruptions and workload or complications.32,35 Several factors were also found to 

have an impact on interruptions: team familiarity which reduces numbers of interruptions and 

promotes team work and communication,28,36,49,66 expertise which reduces the frequency of 

interruptions.36   

The second methodological approach was experimental in a simulated environment. 

These studies enabled comparison of performance of surgeons in an interrupted situation with 

those in a non-interrupted situation (control group). This approach made it possible to 

measure the impact of interruptions more precisely than those realized in a natural 

environment. It demonstrated a negative impact of interruptions with an increase in error rates 

and time of task completion.37-47 A study carried out in a simulated environment demonstrated 

a potential beneficial effect of interruptions in the context of surgery learning, with better 

surgical performance of trainees who had been trained in simulated programs with 

interruptions.37 

Quality appraisal and limitations of included studies 

We used a quality assessment tool to evaluate the quality of the included studies. This 

tool was useful even though it was initially designed for observational cohort and cross-

sectional studies. It allowed us to evaluate key methodological points for each study. We 
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observed several important methodological limitations. First, studies frequently included a 

limited number of procedures, as detailed in Table A, which is a strong limitation when 

statistical analysis is carried out for comparisons between groups. Second, there were no 

sample size justification, which is a limitation when the objective is to observe a significant 

statistical difference between groups. Third, data (interruptions) were extracted by observers 

from live surgical procedures. The surgical team, being observed, may be led to modify their 

behavior and cause distortion of the observation. Finally, observational studies were 

heterogeneous as regards the type of surgical settings and the definition of interruptions. It 

follows that results of observational study in one particular OR can hardly be generalized to 

other OR. 

Propositions for future research 

Studies conducted in a real operating room are valuable in order to assess the actual 

impact of interruptions on a trained team. However, many confounding factors should be 

measured to reduce the risk of misinterpretation. A solution could be to perform prospective 

studies with a control group, which would make it possible to assess more precisely the 

impact of interruptions on the surgical procedure with measurement of team familiarity and 

expertise. The study of the timing of interruptions during the surgical procedure should also 

be further studied as it was only examined in three studies. 26,35,54 This question is of 

importance, as it could lead to specific education of the OR team about phases of the surgical 

procedure which should not be interrupted (during the closing phase when the count is made 

by the OR nurses for example). 

From an educational point of view, as interruptions are frequently seen in real 

environments, the development of simulated training programs would certainly be more 

effective if it included interruptions or settings corresponding to a real OR environment (OR 

noise, various interruptions).37 
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Last but not least, our review showed that no study has specifically evaluated the 

potential positive aspect of interruptions in surgery. In the work psychology literature, some 

interruptions were found to have potentially beneficial effect on workers.6,7,13 We suggest that 

future research should be done to explore this point. As we learn from the data of work 

psychology research, potential beneficial interruptions may exist in the OR: contradictions 

(another surgeon interrupts a colleague and gives advice on the surgical case), breaks and 

some distractions (alarms which alert the teams to potentially serious problem, music or case-

irrelevant communication which could promote team bonding and decrease workload). Thus, 

we can hypothesize that some interruptions could have a beneficial impact on the care process 

in the OR by permitting information exchange within the surgical team but also with external 

members, and by promoting the well-being of the OR team. 

Conclusions 

Interruptions during a surgical procedure are diverse and several classifications have 

been used in the literature. Interruptions are probably risk factors for errors in the OR but the 

evidence of the link between their number and these errors is not clear. The concept of 

interruption of surgical procedures needs to be defined more precisely: potentially beneficial 

interruptions must be separated from those that have a negative impact. This approach could 

make it possible to target only negative interruptions which should be reduced by safeguards, 

and leave aside those with no potential consequences. 
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Fig. A Flow diagram of the literature search 
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Table A Overview of observational studies in the operating room 

Authors Quality 

Assessment21 

Type and objective of the study Classification(s) used Main results 

Allers et al.32 Fair Observation of 10 robot assisted radical prostatectomies 

Observation of interruptions and relations with team 

familiarity and workload 

 

Classification of interruptions 

Equipment/technology 

Supervision/training 

Procedure specific 

Procedure unrelated 

Team familiarity score 

Workload measured by NASA TLX66 

No correlation between interruptions and workload 

Negative correlation between interruptions and team 

familiarity 

Categories of interruptions 

Equipment/technology: 56% 

Supervision/training: 29% 

Antoniadis et 

al.26 

Good Observation of 65 abdominal and orthopaedic surgeries 

Observation of interruption and degree of interference of 

interruptions on the surgical team 

Classification of interruptions 

People entering or exiting the OR 

Phone or beeper calls 

Radio-related distraction (e.g., radio too loud or noisy) 

CIC by surgeons 

CIC by anaesthetists 

CIC by nurses 

CIC by external personnel  

Equipment (missing or non-functioning provisions) 

Work environment  

Procedural (distractions intrinsic to surgical work) 

Movement in front of or behind laparoscopic monitors (applicable during laparoscopic procedures) 

Interference of interruptions 

Nine-point ordinal scale (table B)29 

9.82 interruptions per hour 

Categories of interruptions 

People entering or exiting the OR: 31% 

Phone or beeper calls: 23% 

Procedural: 10% 

CIC by surgeons: 9% 

Equipment failure: 8% 

CIC by anaesthetist: 6% 

Work environment: 6% 

CIC by nurse: 4% 

Interference rating 

Equipment failure: 7 

Work environment: 6 

Phone or beeper: 4 

People entering or exiting the OR: 3 

Healey et 

al.56 

Good Observation of 50 general surgeries 

Observation of interruptions and degree of interference of 

interruptions on the surgical team 

 

Classification of interruptions 

Phone 

Beeper 

Radio 

CIC 

Communication difficulties 

External staff 

Equipment 

Work environment 

Procedural 

Movement in front of or behind monitors (laparoscopic cases only) 

Interference of interruptions 

Nine-point ordinal scale (table B) 

17 interruptions per hour 

Categories of interruptions 

Most frequent: movement in front of or behind the video 

monitor during laparoscopic operations and beeper 

Less frequent: radio and communication difficulties 

High interference categories 

Equipment, procedure 

Environment, external staff, beeper, CIC of the surgeon 

Healey et 

al.52 

Fair Observation of 22 laparoscopic cholecystectomies 

Assessment of teamwork, interruptions and degree of 

interference of interruptions on the surgical team 

Classification of interruptions 

Idem Healey et al.56 

Interference of interruptions 

23 interruptions per hour 

Categories of interruptions 

Equipment, work environment, procedure: 38 % 
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 Nine-point ordinal scale (table B) 

Teamwork measured by Observational Teamwork Assessment for Surgery (OTAS)67 

Movement in front of or behind monitor: 23% 

CIC: 15% 

External staff interruption: 13% 

Other: <5% 

High interference categories 

Equipment, environment, procedure  

Healey et 

al.57 

Poor Observation of 30 urological procedures 

Observation of interruptions and degree of interference of 

interruptions on the surgical team 

Evaluate noise in the OR 

Classification of interruptions 

Conversation 

Phone 

Beeper 

Equipment 

Procedure 

Environment 

Monitor  

Interference of interruptions 

Eight-point ordinal scale 

27 interruptions per hour 

Categories of interruptions 

Conversation: 32 % 

Environment: 27 % 

Phone: 21 % 

Equipment: 9 % 

Other: <5 % 

Interference rating 

Equipment: 7 

Procedure: 5 

Conversation: 5 

Other: between 1 et 3 

Henaux et 

al.36 

Fair Observation of 12 neurosurgical procedures 

Evaluate the relationship between interruptions, team 

familiarity and expertise 

Classification of interruptions 

Communication 

Coordination 

Equipment 

Interruptions by colleagues 

Phone/alarm 

Distractions 

9.9% of the duration of the surgical procedures concerned 

an interruption 

Team familiarity decreased interruptions 

Expertise decreased interruptions 

Categories of interruptions 

Distraction: 29.7% 

Interruptions by colleagues: 25.2% 

Communication: 10.3% 

Gillespie et 

al.28 

Fair Observation of 160 various surgical cases 

Observation of interruptions and miscommunications 

Miscommunications were defined as an exchange during which information was either incomplete or 

inconsistent, or key personnel were not included. They were classified in 5 types: audience, purpose, occasion, 

content, experience 

Interruptions: procedural or conversational 

Miscommunications occurred in 57 % of cases (1.9 per 

case) 

Experience: 31% ; Occasion: 26% ; Content: 20% ; 

Purpose: 13%; Audience: 10% 

Interruptions occurred in 67 % of cases (2.3 per case) 

Conversational interruptions: 69%; Procedural 

interruptions: 66% 

Lingard et 

al.23 

Fair Observation of 48 general and vascular surgeries 

Observation of failed case-relevant communications and 

their effect on the surgical team 

Type of communication failure 

Occasion 

Content 

Purpose 

Audience 

Effect of communication failure 

Inefficiency 

Team tension 

129/421 case-relevant communications failed (31%) 

Type 

Occasion: 46% 

Content: 36% 

Purpose: 24% 

Audience: 21% 

Effect 

No visible immediate effect: 64 % 
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Delay 

Workaround 

Resource waste 

Patient inconvenience 

Procedural error 

 

Inefficiency: 18% 

Team tension: 12% 

Delay: 8% 

Workaround: 2% 

Resource waste: 2% 

Patient inconvenience: 2% 

Procedural error: 1% 

Morgan et 

al.54 

Good Observation of 429 various surgical cases 

Validation of a classification of interruptions 

Classification of interruptions 

(glitch categories)  

Absence 

Communication 

Distractions 

Environment 

Equipment design 

Maintenance 

Health and safety 

Planning and preparation 

Patient related 

Process deviation 

Slips 

Training 

Workspace 

Interruptions varied from 0 to 83 (mean 14 per case) 

7-8 interruptions per hour 

Categories of interruptions 

Distraction: 23% 

Planning and preparation: 14% 

Process deviation: 11% 

Equipment design: 10% 

Parker et al.55 Fair Observation of 10 cardiothoracic surgeries 

Development and validation of a method of measure of 

interruptions in surgery 

Classification of interruptions 

Technical factors 

Environmental factors 

Technology and instruments 

Training and procedure 

Teamwork 

Other 

Interference of interruptions 

six-point ordinal scale 

7.1 interruptions per hour 

Most frequent but least interfering categories: 

Phone and beeper interruptions 

Least frequent but most interfering categories:  

Technology and instruments, technical factors 

Persoon et 

al.29 

Fair Observation of 78 urological surgeries 

Observation of interruptions and degree of interference of 

interruptions on the surgical team 

 

Classification of interruptions 

Pager 

Telephone 

Radio 

Door movement 

Equipment 

Procedure 

Patient-irrelevant communication 

Medically-irrelevant communication 

Interference of interruptions 

33 interruptions per hour 

Categories of interruptions 

Door movement: 44% 

Radio: 13% 

Medically-irrelevant communication: 11% 

Other: <10 % 

Interference rating 

Equipment, procedure-related communication, patient-

irrelevant communication, and medically 

irrelevant communication: between 4 and 5 
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Seven-point ordinal scale Other types: <2 

 

Sevdalis et 

al.25 

Fair Observation of 48 general surgeries 

Observation of CIC and their interference on surgical team 

Interference of interruptions 

nine-point ordinal scale 

167 CIC observed, 3.5 per case 

Frequency per time unavailable 

Categories of CIC 

Irrelevant comment/query by team staff: 27% 

Irrelevant comment/query by external staff: 17% 

Next patient: 13% 

Other patient/list: 9% 

Teaching: 9% 

Equipment/provisions: 9% 

Interference rating 

Equipment/provisions: highest rating 

Sevdalis et 

al.27 

Fair Observation of 19 urological surgeries 

 

Observation of interruptions and degree of interference of 

interruptions on the surgical team 

 

Classification of interruptions 

Distracting communications 

Phones/pagers 

Equipment/provisions 

OR environment 

Distractions caused by other departments 

Distractions caused by a team member 

Teaching 

Interference of interruptions 

Nine-point ordinal scale 

Urologic patient safety checklist: Patient tasks, equipment tasks, communication tasks 

6 interruptions per hour 

Categories of interruptions 

Distracting communications: 63 % 

Equipment/provisions: 25 % 

“more intraoperative distracting communications were 

associated 

with deterioration of patient safety checks” 

Weber et al.33 Good Observation of 40 robotic assisted radical prostatectomies 

Impact of interruptions on workload and performance 

Classification of interruptions 

CRC 

CIC 

Coordination 

People entering the OR 

Phone/beeper 

Training 

Equipment 

Environment 

Patient factors 

Procedural 

15.8 interruptions per hour 

Most frequent categories of interruptions 

CIC, people entering the OR, procedural 

Highest interference rating 

Equipment, instrument change 

Lowest interference rating 

people entering the OR, phone/beeper 

26 
 

Acc
ep

ted
 M

an
us

cri
pt



 
Instrument change 

Surgeon decision making 

Interference of interruptions 

Nine-point ordinal scale  

Workload measured by Surgery Task Load Index8 

Performance measured by 2 questions 

How productive have you been in your work during the operation? 

How do you evaluate the quality of your work during the operation? 

Weigl et al.30 Good Observation of 56 general and orthopaedic surgeries 

Observation of interruptions and degree of interference of 

interruptions on the surgical team 

Impact of interruptions and workload 

Classification of interruptions 

People entering/exiting the OR 

Phone/beeper/radio 

CIC 

Equipment 

Movement in front or behind monitors 

Work environment 

Procedural 

Interference of interruptions 

Nine-point ordinal scale 

Workload measured by Surgery Task Load Index8 

 

9.8 interruptions per hour 

Categories of interruptions 

People entering/exiting the OR: 31% 

Telephone/beeper: 24% 

Case-irrelevant communication: 21% 

Equipment, movement, environment: 15% 

Procedural: 10% 

Interference rating 

Equipment, movement, environment: 6 

Procedural: 5 

Case-irrelevant communication: 5 

Telephone/beeper: 4 

People entering/exiting the OR: 3 

Interruptions seemed to be correlated with a higher 

workload 

Wheelock et 

al.31 

Good Observation of 90 general surgeries 

Observation of interruptions and their impact on workload, 

stress and teamwork 

Classification of interruptions 

External staff entering, exiting or initiating CIC 

CIC within the OR team 

Acoustic (telephone, mobile phones, pagers, radio, and external noises) 

Equipment 

Procedural 

Work environment 

Interference of interruptions 

Nine-point ordinal scale  

Workload measured by NASA Task Load Index66 

Stress measured by State-Trait Anxiety Inventory68 

Teamwork measured by Observational Teamwork Assessment for Surgery (OTAS)67 

6.7 interruptions per hour 

Most frequent categories of interruptions 

External staff 

CIC 

Highest interference rating 

Equipment 

Procedural 

Frequency of interruptions was correlated with higher 

stress 
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Wiegmann et 

al.24 

Fair Observation of 31 cardiothoracic surgeries 

Evaluation of the correlation between interruptions and 

surgical errors 

 

Classification of interruptions 

Teamwork 

Extraneous interruptions 

Equipment and technology 

Resource-based issues 

Supervisory/training-related issues 

3.7 errors per hour 

8 interruptions per hour 

Categories of interruptions 

Teamwork: 52 % 

Extraneous interruptions: 17 % 

Supervisory/training issues: 12% 

Equipment and technology: 11% 

Resource-based issues: 8% 

Frequency of interruptions was correlated with 

surgical errors 

Willett et 

al.34 

Fair Observation of 56 cesarean sections 

Observation of interruptions and their impact on 

perioperative complications 

Classification of interruptions 

CIC 

Phone/bleep 

Theatre traffic 

Baby crying 

Equipment 

Other 

Interference of interruptions 

Level I: minimal level of distraction 

Level II: one member distracted 

Level III: more than one member distracted 

No perioperative complications occurred 

Categories of interruptions 

CIC: 36% 

Theatre traffic: 23% 

Equipment: 11.6% 

Other: <10% 

Mean number of level II/III interruptions 

13.20 per case 

Higher in case of elective compared to emergency 

procedures (14.9 versus 12.0) 

Yoong et al.35 Fair Observation of 35 gynaecological surgeries 

Observation of interruptions, degree of interference of 

interruptions and their impact on performance and patient 

safety 

Classification of interruptions 

Visual 

Auditory 

CIC 

Equipment problems 

Non-theatre staff movement through theatre 

Communication difficulties 

Other 

Interference of interruptions 

Level I: minimal level of distraction 

Level II: one member distracted 

Level III: more than one member distracted 

26 interruptions per case 

90% of interruptions occurred during the first 30 minutes 

of the case 

No correlation with surgical complications 

Interruptions caused an increase of the operating time 

of 18.46 minutes 

Zheng et al.22 Poor Observation of videos of 12 laparoscopic surgeries 

 

Observation of interruptions and surgical delay caused by 

them 

 

Classification of interruptions 

Instrument change 

Position change between surgeon 

Duty shift of nurses 

Conversation 

Phone or pager answering 

Extraneous interruptions 

114 interruptions per hour, only 11 % provoked a delay 

Most frequent categories of interruptions 

Conversation: 71 per hour, without significant delay 

Instrument change: 33 per hour, with a delay in 11 % of 

cases 

CIC: Case-irrelevant communications; CRC: Case-relevant communications; OR: Operating Room 
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Table B Example of interference classification of interruption in surgery 

Rating Observed effects 

1 Potentially distracting stimuli: events with the potential to distract the sterile 

team 

2 Sterile team member momentarily distracted: possible involvement of a single 

sterile member in an event not related to the primary task, e.g., a short head turn 

in response to a visual or auditory stimulus 

3 Sterile team member engages in distraction: similar distraction in 2, but the 

sterile member engages with the source of distraction by verbally responding 

while maintaining primary task activity (multitasking) 

4 Sterile team member’s primary task interrupted: a single team member ceases 

his/her current tasks to engage entirely in the distracting stimulus 

5 Sterile team momentarily distracted: two or more sterile team members respond 

to a stimulus with a short head turn, no verbal response 

6 Sterile team engage in secondary tasks: two or more team members engage with 

the source of distraction by verbally responding while maintaining primary task 

activity 

7 Sterile team’s work interrupted—operation flow disrupted: interruption of the 

current primary task of the sterile team, the operation flow is disrupted 

From Persoon et al.29 
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